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FOREWORD

TIhe obectivecdo this report is to present some general consid-
erations cn rain simulation under fi-,eld conditions, to discuss
selected rechni-cal featixresc LJ the rain simulation facility at the
i-i:ooMa2 A17B eT Track- which are relevant to calibrating and
clhart ing diensity and droplet size diStribution of the simulated rain,
and to orov-ide a detailee gloc3 e-rv of terms needed for charting the
rain fiBel d by means oi tic ~R! rain counter. Dat obtained through
this chlarzn effort vifl! be oublished in serarate report--s as they
become av.ailab.

PULCATON R-EVIEN

T-his technical rep>ort hnas been reviewed and is approved.

~ ~LD

Director of T est Track



ABSTRACT

Sore basic considerations governing rain erosion testing on the
Hollon-an A#B Test Track are presented, and the equipment used
for generating artificial rain is described to the extent relevant to
charting the rain field. Some characterstics go-erning applicaton
of the HTRI rain counter are c:scussed and the analysis of data
obtaine, by this instrument is outlined.
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A. Introduction

The purpose of rain erosion testing on the track is to study the

erosive effects of extended supersonic or hypersonic flight through
rain clouds on material samples and components of weapons and
aerospace systems, and to qualify flight hardware for this flight
environment. The Test Track at Holloman AFB, NM, provides a
capability for this kind of testing simulating a wide variety of combina-
tions between specified rain environments and specified flight con-
ditions.

There are two basic options for providing realistic test conditions
as far as the rain environment is concerned. One possibility is to
duplicate the natural environments, the effects of which are to be
studied. The alternate approach is to provide simulated rain environ-
ments and to define similarity parameters correlating the effects of
the simulated rain environment to the effects of the corresponding
natural rain . Track testing deals exclusively with the second of these
two approaches.

A short review of some essential parameters used in rain simula-
tion is given in reference 1. In erosion testing the basic criteria for
the rain per se are the total number and the size of the droplets which
the sled-borne test item intercepts while moving through the rain field
and the correlation of this number with representative natural rain
environments or specified rain conditions. The dominating rain field
parameters are, therefore, the rain density (also referred to as
concentration), i. e., the total number of rain droplets in a specified
reference volume, and the particle size distribution, i. e., the detail
breakdown into the fractions of this total number which are contributed
by particles of the various sizes.

The rain rate, i.e., the depth of water accumulated per unit time
on a specified horizontal surface area (usually expressed in millimeters
or inches per hour), is a widely used criterion for natural rain phen-.
omena. The accumulation rate of the artificial rain is, on the other
hand, only of very limited value for describing simulated rain conditions,
because only the rain density, and the droplet size distribution, not the
terminal velocity of the individual droplets are duplicated. Since, how-

ever, the velocity of the falling rain droplets is, as a rule, by several
orders of magnitude smaller than the velocity of the test system (sled
including payload), rain erosion testing on the track involves no pri-
mary reqairement for duplicating this parameter. Therefore, the
accumulation rate of the simulated rain is used mainly as a criterion
for the uniformity of different sections of the rain field, not as an
environmental criterion.



The liquid water content (LWC); i. e., the total mass of liquid water
present in the reference volume, is, in connection with the sled velocity,

sometimes used to define the kinetic energy of a given rain environment.

Considerable -are is, however, needed in using the liquid water content
as a criterion for rain erosion testing. It is a meaningful quantity only

in connection with the droplet size distribution, because the identical
F LWCs can be produced by droplets of very different size distribution.

Conceivably, all water in the reference volume could be existing in one

large drop, making LWC a meaningless quantity.

Natural rains of identical rain rates show considerable variations in
droplet size distributions, and a rain observed, e g., in the Arctic,

may have very different characteristics from a rain of similar rate

in the tropics. To arrive at a common denominator for defining test
conditions, the relationship between rain rafe and particle size distri-
bution presented in the chapter on precipitation, clouds and aerosols of

the Handbook of Geophysics and Space Environments (reference 2),

equations 5-3 and 5-4, is used for correlation purposes. The attached

Figure 1 represents this relationship :n the form

= 2265. 3-LD particles

exp (4. 078 - } ft" size range (mm)

with /D mm size range

D mm mean particle diameter

per size range

R mm/h rain accumulation rate

N ffmm' number of particles in the
size range AD present in one
cubic foot of the reference

volume at any particular
instant of time

The variability of droplet size distributions in natural rains for

identical accumulation rates between different locations, seasons, etc. ,
suggests the use of the standard defined by the Handbook of Geophysics

within rather wide tolerances.

To realistically simulate a specified natural rain for test purposes,

it is necessary to simultaneously duplicate both the droplet size distri-

bution and the rain density. in track testing, the total number of droplets
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intercepted by a test object is limited by the fixed length of the track.
For some applications, it is possible to "*compress* distance, i.e., to
simulate flight through a larger cloud, by increasing the rain density:
i. e., by increasing the number of droplets intercepted in the available
length while keeping the particle size distribution constant within
acceptable tolerances. it is realized that the validity of this procedure

is not generally accepted, because it disregards secondary effects,
e.g., material relaxation times, which may become important at very
high test speeds. However, for a number of applications, a capability

to duplicate a given particle size distribution over a range of rain den-
sities is considered advantageous.

For quantitative evaluation of rain tests, it is highly irnportant to
define the characicri-tics of the simulated rain environment for various
operational conditions, e.g., various type nozzles, different discharge
pressures, etc., to experimentally determine the influence of side wind
components on the droolet size distribution, and to establish the cut-off
wind velocities above which the droplet size distribution is no longer

acceptable for test purposes. This information is compiled and updated
by systematic charting of the rain field. A previous attempt to arrive
at a rain field calibration by optical means (reference 7) before the rain

counter became available was unsuccessful because of inadequate

- equipment.

B. Rain Field Characteristics

The equipment for generating simulated rain at Holloman AFB,

NM, is located on a 6000 foot section of the Test Track. The basic
layout of this system is presented in detail in reference 3. A schema-
tic cross section is shown in Figure 2. The simulated rain is supplied

by spraying sections, each -00 feet in length. There are 15 of these
400 foot sections on each side of the track, located 9 feet from the
centerline of the west rail. Each section contains 50 spray heads spaced
8 feet apart. The spray heads are mounted on 5 foot risers consisting
of 1. 315 o. d. aluminum pipes. The spray heads are attached to the
risers by quick discc nnect mounts for easy interchange. In the 400 foot

sections, water is distributed through 4 inch (o. d. ) aluminum irrigation
tubing (riser feed line), which in turn feeds the individual 1. 315 inch
diameter risers.

The 400 foot sections are supplied with water from 6 inch (o. d.)
main lines, consisting of aluminum irrigation pipes, on each side of

the track. These 6-inch mains are fed through a T-type connection
located at the mid-point of the rain area. The length of the mains
from the center to the end is 2800 feet. A cut-off valve and a pressure
regulator valve are located in the connecting pipes between the 6-inch
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na~n ,nt- an,. -a -fe ! the spravi no sections.
The entire a'4.7!n-n sy-ten, s z,<-rtabe and can be readiliv. dismantled

10 4Ofo, -t~h o -~r~- - C _:T- o~z-.af e at the inl et to each
Drav-.n-_ ;_. n fr-n-.. . n-A 2 =en nposition. 7When 'ess than

the entire : !tet r; t"-t- :-a n,- rrnment :s ~iethe ap:)ropriate
number j, -106 ot sect~conz arv -1..t off by closing these gatei.

Te si i n,_h --aizn ne S receie te:ir xate r th rough Z motor driven
oump ro a 25. C0j_- ipallon Ie.ror The flow sy-,stemr -.s schemati :ally
shown in F*ia-ure 3. 'n Start~ng the sy,;stemn, the purnp works ;in a by-pass
mode, talino wvat-r t'o-.-~e tank and mo-ving it back through the by-pass-
For the test. the br-:paSs ;S co and the water Supply to the Tr,.tn lines
opened. If require6 for control of the main '4ine pressure. the systemr
can a!lso be operatee wi~th the by--pass zpartial'l open.

TI ne ifl0w regulators at the entrance to each 4100 foot section are
designed toset, adjast and monitor the discharge pressure at the spray

* nozzles and with it the flow rate throueh these nozzles at a preselected
-value, and to keep this v-alu - i stant within = 0- 5 osig independent of
upstream pressure fluctuations, and of 'eaks in the systemn upstream, or
downstream of the regulator. This reoui~vrment is fulfilled by the use of
remote signal operated regualatorsQ in which the valve position is controlled
by a spring-loaded diaphragm receiving Ats control signal (reference ores-
sure) from a oo.nt doxxnrst ream of the regulator at which the pressure is
equivalent to the discharge pressure at the individual spra! nozzles
except for the static pressure head due to the elevation of the spray
nozzles above the 4!-inch diameter riser feed line, and for - - usually
negligible - - pressure iosses in the feed line and the riser. The ref-

* erence pressures of ail 30 individual 4100 foot sections are measured and
remotely displayed in t:-.e rain field blockhouse. They can be selected
at any value between 5 and 15 psig.

Before the current regulators wvere installed, the rain system was
equipped with directly operated control valves for each 4100 foot section.

* In these valves a spring loaded diaphragm controlled the valve '3osition.
The diaphragm received its control signal (reference pressure) from a
reference Doint immediately downstream 01 the regulating gate. This
instruiment, if working properly, kept the static pressure at its refer-
ence point constant. It kept, however, the flow rate constant only for
a given set of downstream conditions and changed the flow rate through
the nozzle:, any timie the downstream conditions were changed, for instance,
due to leaks. Ths system was abandoned in favor of the currently
installed regulators. In selecting the current system, it was also con-

* sidered that the requirement for a constant rain rate could not be ful-
filled by rate of flow controllers of conventional type, because these
instruments keep the flow throagh the regulator, not through the nozzles,
constant; and leaks developing downstream must necessarily change the
rain rate producedl by the spray nozzles.



t.e r Lator Dress-_,e set-r-na ana thetz~ of Sppray nozzles .sc
A ty-pical 17,e f a -.r:Se,_; flow rate -.n one -. d--,.-ua]1 section
is 140 call.'ns Zer ant~ -.res:rn the 41-inch rlser feed- 1--n 0.
!I :S-z7- e -. -.r a:: -~>~ate r riisc! arge flo-a ra:e tnr, -aen any

400 fot s r a -e c r:. n . .-- , ax>-;oZC a .... vy the ,v

o t of he waer b ~v s te - a -:e .- ne z=_:a t rs. s owe -7e r, ; n th e
inerstof ceor.r,7rv an,- to W:~.: 'an~ ater

'.:on is raP~ kent as :'ar as *!" :v-Z- rest~-jit-Mg
to the Tnnin.un need'-c tlc ".? . e ZZS.terr .zrz~ -:7 anze euer'n.

-ybe~'ca~ :7 e 0o Cen a r a:.on z th e track, the -_x-.s7zng rain

current svsten- lree at=~:o ra'.n en-rconmenr t the -west
rail only at v-erv 2:w- Cross in ectvCom7Z~one=ntS whicl- restricts this
kind of tests to -nc. win-_ con-it~ons, andi leads to severe sperati-ona!
restrictions in ra-In t-rosion test n>roqra-. One of the ma-or objectives
0. thEanreld c hartirig eff orts is to arrive at numnerica: cata on th-e
m-aximum Cress track waine '.-e~cte w z an be tolerateiEaz-o:
irn Da ir; n Aetre-s. Duze tc, the relatively !oneg flightz =th of' te mi-

_4idual droplets and the-r .4,.-. verrica! velocity co=mponent i.ar oe 7Z0 In e
terin -- relocitv ciaracter; st1. - or natural rain", the ztime ern .n
they are subjected to t'he in14-uence of the wind is relativ,;ely long. Ankother
probl em is in:trodt~ced by the inherent cross velocity cornponents of the
droplets aoproaching from both, sides of the fleld fgure 2o. --i e y a re
insignificant or erosion testine per se, but contribute to the wvind senstivity
of the system.. While c ro ss wvind wo-uld shift a set o-- vertically falling crop-
lets simnply to one side, unider --he current arrangement the dropletb co)r.ning
from the leeward s-; --' are subjected to the w.ind Or a sh-orter portion Gf

thei flghtpaththa th oters, which changes the- ratio to v.hich droplets

from both sides **iix, -and leads to changzes of droolet size distribution
even under fairly small sice wi;-nd components.

One approach to reduce the wind sensitivity of the simulated rain
consists of enclosing, the systerr in a tunnel-like structure to eliminate
the wind influence completely, or at least to reduce its -macgnitude by
use ofrtrack-side wind fences or comparable structures. This vossi-
bility is being investigated, however, no practical results are available
yet. Another approach -s to "widen' the field to such an extent that
even a "shic' by several feet under side wind will still provide an
acceptable droplet size distribution above the rail. A third approach
consis-ts of Gecreasing the timne during which the individual droplets are
subjected to the wind.

Reducing the wind sensitivity by "'widening" the cross-trackr
dimension of the rain environment such that even u'nder the maximum
allowable cross wind component, the droplet density and dropiet size



- - - teerabe limits. is bas-cally
:h~h ~-ra ~U~- ne redand ..necono-nical diae to high,

R-:.ct.c~n f ,;e :' - hihthe 'iron,!cts are su.biected to
w:.-.--: an bt- ,eC~C:tV- fall of the cronlets.

nhF or:=a: v -.ne v - ra~i nQ the eeh t of :all t o th e vo;t whe re
tern-ina: .- c :c2::d b~e aci reioes not appear prornising. Not
0- v--: t-t, z~~ 7- s.c a s-em make itstruclurallv impacatical,
b ;-t :twudalso se-verelv interfere withI Other uses of the traCk. in

aditio~n. zh baicroe~ cu e subJected to the wind environmnent
for a !onoer tinne, -creas:n- :--ther Tzt-an decreasine tlieir disp)lacement
as :.omnp-ared to the currt-n: arran-gernent. It an):ears, however, f'easible
to :ncrease --h~nae seed c-f 1,e rain drop; lets ;3v adding the diS-
charce velocit,;- frro= '1the szrav !-eLad to the narc elocit-V attained
%-nder the zncunc 0 ravtv anii air 1rg. his zpproach '.s beinc

C. Rain. Counter Gharacter'tstics

1 0 lnae te laborious and time cons-t.mrnn procedures i-nvolved
:n conventional methods :cbrt measuring droplet size distribu-tions, a
speci al il strument for real rimTe =,easurementS of this aara-meter has
been developed for e a est T, rack by the Dilinois institute ofT echnology.
it :s referred to as th~e rain co-,nter-, occasionally also as the rain drop
analv-zer or the rain cEro spectrometer. T echnical infor-mat'ion oi,
this evt-ce as welas ;ts :zunction and lim itations are treated in detail
in reference -4. A comp)rehensive field calibration of the rain counter
w a s c o nd uc ted in b -v D Dr. Eugene 'Mueller, Illinois State Water
Survc-v at the Universitv of Illinois. Thne resul1 ts are reported and
discussed in cetaL' in reference 5.

Basically the rain counter is an electronic device to measure
(M the total number of water droplets, (2) the distribution of droplet
size!. in a defined reference -volume by means of an electronic scanning
technique. This instrument employs a vidicon viewer. The size of
each w-ater droplet is estimated from -neasirements of the number of
vidicon scan lines intersectine the drops, and an analytical correction
is applied to the rcadings to correct for edge errors.

Depending on the optical volume setting (magni'ication), tie
instr-u.ment detectsc and categorizes droplets in the diameter size
categiories Shown in T able 1, whichi is identical to Figure 13 in
refference 4.



I..e -tica! ",'o-,.-e V. is ceter.--:.ned by the sarr.pIing cross

section A and the .>,c setting h. (see Figure 4. The sampl;ing
cross section f"or tne three ro-ptcal volurne se-ings are:

A A 2 &75 34. 2i-! 1 z c 1 o-

M. AG : - 2. - 4.

.AG 2: ...... 7 1 . n

The dezth Z: the o o. :-.- £s de~err..nec by th, I.-,o seing h.-
ts .axi.u... -S.'ue is 15 inches!: hwever. as a r,:c- a srZer value

is selecte. and a hood setinz of - 6 inches has ."recuen v been
used cur;ng cal:bration testS.

A fash tube .... -ource provides .im:.nation against vi-h;c- the
drops are viewed. Fash raon s se2ected to arrest the drom -.tion:
.n-ensixv :s chosen so that the irnst.,ment wil. onerate ecual-v vel! in
night or sunlight con!;tfions: and the .flash frequency '-. 5 flashes :;er
secondo was n:c.zed to assure that the rime increment between flashes
is sufficient to allow a con-zletelv new set oi droplets to m.ove into --he
reterence volume between subsecuent fashes. To ach-eve th;s objec-
tive, the ,-eZocity of the slowest Tnoving droplet has to be large enough
to move out of the field of v'iew .n less than 1 7. 5 sec, regardess of
its d:rection. Assniming n.ot;.on :n a -Iane perpend;cular to the rail on!y.
the mi.nimum droplet veloc.ty has to be:

in cise of vertical fall:

V.,, 2.875 - 7.5 2 1. .n'sec 1-. ft sec

in case of a transverse velocity component causing motion along the
longest possible (diagonal) flight path:

%1% = 7.5 - /2.875z - 3.2812 32. 718 in/sec - 2. 726 ft/sec

Assuming the unlikely case of motion along a diagonal of the o-tical
volume (6 inch hood setting):

-,,, 7: 7.5 -/2.875 - 3. .181 62 - 55.64 in/sec 4.64 ft/sec

The optical volume is the air space covered by one individual light
flash. The sampling volume is defined as the volume of the air space
tested by the counte: during one sample of duration _'t at a flash rate of
r= 7. 5 flashes per second:

7



V A- n.- Ix For: A 2. 875 x 3. 281 in?
n.- 7. 5 flashes /sec

h in

10 sec

4 74. -t~ . in-'

she total number o! samples for each individual printout can be
selected according to Snec!_nc test needs and is, as a rule, covcvrned
by- statistical considerations relating -the number of sampoles to specifted
accentable err-ors for v-arious droonlet Size ranges. in the ootical
Volume seten o1 68 h total numnber o-- counts per sa m~ole must b-e

kept below7 I100 to aocexcessive errors due to shielding of spnecific
drops by others.

-he :,nfical v,:olume s=-tfing 1 : 8, the ins-trumentm c tegorizes
partic! es hav-ing diameters between 1 /4 and -4 milIlimeters. its resu~lts
are pr~nted on the sno and azre available seconds after comoletion of
the test. ine orintout oro%-ides, besides data Dertainingc to the operation
of the instrument itse!f. the number of droplets observed in the refer-
ence volume in- each of the droplet size ranges. An example of the
printout format is shown in Table 2.

The dev.ice is mounted on a rail -bound carriaee and can be used
3 at anv -fixed n>osition along the trac'K, or in an averaging mode by

moving along the track while sampling. The mnaximum forward
velocity of the counter (assumning no wind) is limited by the condition
that none of the droplets is displaced to such an extent as to move out
of focus. T his displacement will obviously affect the slow moving
droplets relatively more than the faster moving, ones.

Assume the slowest moving droplets recognized by the counter
.25 mm dia) move vertically at their terminal velocity V-, = 3. 18 ft/sec
=38. 17 in/sec. They will travel the length of the vertical dimension

of the view..ing volume in

.t =2.875 = 075317 sec

At a counter Soeed of I ft/'ec, they will be displaced by

's= .0753 x12= .9 inch

geuin in an angle

a rc tan ar75 c tan .313;: 17. 5 deg.



At a forward speed of . 5 ft/sec the displacement angle would be

.45
a rc tan 2.n7. 156 ac t8 deg

Since the forwvard velocity acids vectorially to any wind component in
direction of coanter motion, t is somewhat arbitrarily concluded that
a counter velocity of 30 it:'rin (. ftisec) as used in previous cali-

brations is adequate.

For chartinz the rain field by means of the rain counter, the
following four types of data need to be collected and recorded:

a. Rain Field Configuration

(1) Nozzle tyue

(2) Nozzle angular orientation with tolerances

in) Vertical
(b) Lateral

(3) Nozzle arrangement geometry in case not all nozzles
are used (covered or not operated)

(4) Mean or characteristic example of height of nozzle exit
above

(a) Rail top surface

(b) Regulator reference point

for both W and E side of the portion of the rain field covered.

(5) Nozzle discharge pressure P.,, expressed in terms of

(a) Regulator pressure setting (psig)

(b) Static pressure head due to height of nozzle exit
cross section above regulator reference point (h,at - ft)

b. Rain Counter Configuration

St sec Sampling time (as a rule ,t = 10 sec)

MAG Optical volume setting (magnification)

unless otherwise specifically specified: 1 8

h,. inch Hood setting

9



Z .nch .H-e:ht of center of sampling cross section
above too surface of rail

Y inch Lateral displacement of center of sampling

cross section from rail center (Y... or Yvest)

c. Ambient Conditions

V. ft/sec Wind velocity and wind direction during test;
(or: m.pDh prelerably taken both at a ooint moving along
or: knots) with the counter and at ground-fixed wind

recording sta ions.

T 0 F Air temperature at time of test

P in Hg Barometric pressure at time of test

HU Relative humidity of free air (not affected by
simulated rain)

d. Data Outputs

V- ft/min Moving velocity of the counter alcng rail

(or: ft/sec)

ft Length of pass along track covered by the
counter to be recorded in terms of

(a) Track stations between which the counter
moved during test

(b) Total distance covered by counter in case
a sectioh. of track is covered going back and forth

(c) Number of samples of duration At each

taken during this pass.

X, Rain counter printouts

RAG inch/h Accumulation rate of simulated rain measured
mm/h at a ooint moving along with the rain counter

in about the same position with respect to
height above rail and lateral displacement from
rail center as the sampling cross section.

10
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The data analysis of the rain counter readings is Derformed by
means of a computer program developed by Dr. Eugene Mueller of the
University of illinois, which was adapted to a CDC 3600 computer
available at Holloman AFB and slightly modified to meet more closelV
the specific needs of chartina the Holloman AFB rain field.

The individual printouts of the rain counter, showing the number
of droplets X. counted for each size range are corrected for edge
errors by analytical means. The statistical considerations on which
this correction is based and the eauations are outlined in detail in
reference 4

As a basis for comparison with other data, the droplet counts
X, fo: each particular size range are, after applying the edge error
corrections, referred to an airspace of one cubic meter, and the
droplet counts printed out for each sample are defined as

X, "f::
N. - "(droplets/n 9 )V-

For a physical interpretation of this reference volume in terms of sled
run parameters, assume a test item of circular cross section of
diameter d is moved along the track over a distance t = 1000 ft,
sweeping a cylindrical volume of length -, and cross section d /4. For
this cylindrical volume to be one cubic meter, the diameter of the
circular crosE section is

d.4 withl,-- 1000 ft = 1Z, 000 inch\7V 1 r 61, 024.014 inch

61,024.044 4~~~d = 0 - = 2. 545 inch
12,000

The numbers of droplets counted in each specific droplet size
range during subsequent samples show a considerable spread due to
various influences; the most significant of which are variations in local
cross wind components, inaccuracies in nozzle alignment, and manu-
facturing tolerances of the discharge cross sections of the individual
nozzles. Since during erosion tests, a test item is moved along the
length of the rain field, these local fluctuations tend to average out.
The mean of the number of droplets per size range, averaged over a
large number of samples n while moving the counter along a specified
length of travel along the rail is therefore used as a representative
figure for the number droplets intercepted by an erosion test item

11



sweeping a corresponding distance of the rain field. This mean for
each droplet size range is expressed as

--N, __ droplets

n

and denotes the number of droplets of size range i which a circular test
item of d = 2. 54 inch diameter can be expected to intercept under the
conditions prevailing during the test while moving a distance of 1000 ft
through the simulated rain.

An indication of the spread of the individual sample counts around
this mean is afforded by a variation coefficient, which is defined as the
standard deviation of the numbers of droplets counted in the individual
samples as fraction of the mean:

N4

For erosion testing, the liquid water content of the simulated rain
field is sometimes of interest. In the following the liquid water content
(LWC) is defined as the mass of all water droplets dispersed in one
cubic meter of air space. The specific liquid water content LWCjis
intended to mean the mass of all droplets of one part'cular size range i
dispersed in an airspace of one cubic rrieter. Expressing the LWC in
terms of rain counter readings yields:

-- C -T / D

LWC, •N • D -!7, + D. +-

LWC = LWC,

For many purposes it is also useful to know the percent of the total
liquid water content contributed by droplets of a specified size range i:

LWC•
PLWC () LWC 100

12



This term also allows definition of the mass median diameter D.. ,
a quantity frequently used by nozzle manufacturers to characterize
the droplet distributions produced by different type nozzles. The
mass median diameter is the droplet diameter defined by the condition
that half of the LWC is contributed by droplets of larger, half by
droplets of snaller diameter than D.,,.

Natural rain usually is characterized by the rain rate, expressed
in mm/h, i.e., the height of a column of water which would be accum-
ulated above a specified area parallel to the ground if the rain pre-
vailed for an hour. In natural rain all droplets are falling at their
terminal velocity, while in simulated rain, the height of fall is as a
rule insufficient for the droplets to reach their terminal velocity. The

measured accumulation rate of the .simulated rain, RAC, is therefore
always lower than the rate of a natural rain having identical liquid
water content and droplet size distribution. For correlation between
a rain environment determined by the rain counter and a comparable

natural rain. a corresponding rain rate RA is defined and calculated
in the data evaluation. It is the rate at which the simulated rain would
accumulate on the ground if all of its droplets were at their terminal
velocity:

1 =4

RA = (LWC, • V-.) "

m3 sec

=-

mm

3.6. (LWC, • VT,) _
h

For purposes of this rain rate evaluation, the terminal velocity
of the drain drops is calculated by the equation of Clark and Moyers
which fits the Gunn and Kinser data (reference 6).

VT = -Co + qD- C2 D2 + C3 D3 - C 4

with CO = 27. 128 D cm droplet diameter

= 5,223.06
=2 11 ,075.7 VT cm/sec terminal velocity

C3 = 11,115.0 VT (cm/sec)
C4 = 4,688.4 VT ft/sec 30.48

Examples for the droplet size ranges covered by the rain counter are
shown in Table 3 and in Figure 5, reference 1.
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TABLE 1

DROPLET DIAMETER SIZE
CATEGORIES FOR

RAINDROP ANALYZER

Printer Number Droplet diameter range, mm
channel of Optical volume setting
number scan lines 1:2 1:5 1:8

2 5-10 0.01-0.11 0.15-0.45 0.25-0.75
3 11-16 0.11-0.21 0.45-0.75 0.75-1.-5
4 17-22 0.21-0.31 0.75-1.05 1.25-1.75
5 23-28 0.31-0.41 1.05-1.35 1.75-2.25
6 29-34 0.41-0.51 1.35-1.65 2.25-2.75
7 35-40 0.51-0.61 1.65-1.95 2.75-3.25
8 41-46 0.61-0.71 1.95-2.25 3.25-3.75
9 47-52 0.71-0.81 2.25-2.55 3.75-4.25

TABLE 2

SAMPLE OF RAIN COUNTER
DATA PRINTOUT

Number of droplets Mean
Data Size range diameter

Channel counts mm mm

9 003 4.25.. 3.75 4
8 003 3.75 ... 3.25 3.5
7 006 3.25 ... 2.75 3
6 027 2.75 ... 2.25 2.5
5 080 2.25 ... 1.75 2
4 190 1.75 ... 1.25 1.5
3 198 1,25 .75 1
2 292 .75 .... 25 0.5
1 008 Optical volume setting 1:8
0 010 Sampling time 10 sec

14
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TABLE 3

TERMINAL VELOCITY OF RAINDROPS

(Examples, based on equation
by Clark and Moyer)

D vT

mm cm/sec ft/sec

A 881.34 28.91

3.5 850.38 27.90

3 805.12 26.41

2.5 741.77 24.34

2 655.88 21.52

1.5 542.27 17.79

1 395.07 12.96

0.5 207.67 6.814

0.25 96.70 3.181
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